It is well known that the ion velocities in cathodic vacuum arcs are supersonic with respect to the ion sound velocity. Extensive measurements have been done by many authors using a range of methods. Focusing on the methods that can resolve charge and/or mass and provide information on distribution functions, one usually employs either (i) electrostatic field methods, [1] [2] [3] [4] or (ii) time-of-flight (TOF) techniques. [5] [6] [7] [8] [9] There is considerable divergence in the published data. Generally, researchers using electrostatic methods came to the conclusion that the energy distribution functions, at least in part, depend on the charge state of the ion species under consideration, whereas TOF methods stated that the velocity distribution functions are independent of the charge state.
In this contribution, we briefly consider the differences of the methods, report about an experiment using an instrument with an electrostatic energy analyzer, and offer a new explanation consolidating the divergent results.
All of the techniques and experimental circumstances should be examined to determine the reasons for the variance in the results. Let us start with the TOF methods.
In the simplest case, no charge or mass resolution is used, and one can simply measure the drift time of the plasma flow over a given macroscopic distance, giving us an average velocity of ions in the flow direction. To create time markers, the plasma production can be either kept short, 5 or modulated by oscillating the arc current, 9 or by superimposing short current spikes, 10 or by a rapid (crow-bar) switch-off. 11 In the latter case, it was
shown that the derivative of the ion current contains information on the charge-stateaveraged velocity distribution function in the flow direction. Using a 2-m-long plasma drift TOF section, a comprehensive collection of charge-state-averaged velocities was created. 9 By combining a short plasma drift section and an ion beam time-of-flight 3 system, mass/charge resolution was added to determine the average velocity of ions in the flow direction. 8, 12 It was shown that for this pulsed system with short plasma drift section, ions drifted from the cathode to the ion extractor with about the same speed, regardless of their charge. 14, 15 This also applies to the situation when the entrance is grounded and the plasma potential is negative.
We will focus now on the fact that TOF experiments generally gave results at variance to those obtained by electrostatic experiments. Therefore, we executed an ion energy experiment using an electrostatic method on a plasma similar to one previously investigated with a TOF technique.
The plasma was produced by a cathodic arc plasma source of the "minigun" type 16 operating in repetitively pulsed mode. Arcs were "self-triggered" by applying the full charging voltage of the pulse-forming-network (400 V) between cathode and anode. Data acquisition with the EQP analyzer was synchronized with the pulsed arcs (1 pulse per second) by using the analyzer's external synchronization feature. In this mode, the analyzer is on standby when the plasma is not present (the synchronization port sees 0 V) and resuming work when the plasma is on (synchronization port sees 5 V). The data acquisition was done over the entire arc pulse lengths.
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Each individual measurement of the energy distribution function was characterized by a large noise on the signal, which is quite common for cathodic arc plasmas. In order to obtain more a representative distribution curve, each measurement was repeated five times and the raw data curves were averaged. Figure 2 shows the averaged curves for mass (actually mass/charge) setting 27, 13.5, and 9, corresponding to 
where s C is a scaling constant, is the kinetic energy gain given by Eq. (1), and E dir is the average directed ion energy measured on the axis of the measuring instrument. We assumed that the plasma potential is very close to ground and therefore no attempt was made to correct for ion acceleration in the sheath, i.e.,
The present results obtained with an electrostatic analyzer support earlier findings obtained with the time-of-flight technique, 5, 8, 12 namely that there are no significant differences in the drift velocity (or equivalent kinetic energy) for the different charge states. Therefore, it is not the kind of the measuring technique that leads to the divergent 6 results, rather, the grouping of results with the measuring techniques is coincidental with other conditions.
At first one would think of different plasma potentials, which would lead to different acceleration in the sheath before the analyzer entrance. This, however, turns out not to be the main culprit. As we will show, the main issues are the ion-neutral interactions and the time-dependent presence of neutrals in the path of the plasma flow. Pa (~10 -6 Torr) and DC arcs either also in high vacuum or with low background pressure of Ar to stabilize the arc at low current. Therefore, one would not readily assume that the neutral background is sufficient to create large effects.
However, neutrals are produced by the condensing arc plasma itself. In a work on energetic condensation it was shown that the cathodic arc ions have a significant rate of self-sputtering. 20 Furthermore, the sticking coefficient is much smaller than unity if energetic ions impact the surface at large angles with respect to the surface normal.
Therefore, self-sputtering and limiting sticking are large sources of metal neutrals that 7 lead to a time-dependent filling of the volume in which the plasma flows. This timedependent neutral background was already identified as responsible for the evolution of ion charge state distributions. 21 Depending on the geometry of the chamber and electrode arrangement, it takes about 100 µs and more to establish a (noisy) steady-state density, a time that coincides well with the filling time of the chamber with metal neutrals. 21 Additional sources of metal neutrals are evaporating macroparticles and formerly active, still-hot locations of cathode spots.
With this idea at hand, let us re-visit the literature. It turns out that all reports on the independence of the velocity on the charge state were obtained with pulsed plasmas and short drift sections, i.e. under conditions when the plasma coming from the cathode spot does not yet encounter many neutrals. All investigations using continuous arcs reported some sort of charge state dependence, but often not quite proportional to the charge state. In continuous system, the neutral density is steady-state but fluctuating because there is a balance of supply and removal.
Some experiments with pulsed systems also resulted in charge-state-dependent yet less-than-charge-proportional results. The data of Davis and Miller 2 where obtained with a detector placed at the end of a long, relatively narrow tube through which the plasma had to flow, i.e., conditions typical for oblique angle condensation having a low sticking coefficient. Therefore, one can expect that large amounts of neutrals were present despite careful backing of the apparatus.
Ion-neutral collisions reduce the average charge state 22, 23 which is particularly effective for charge-exchange collisions,
where "M" stands for "metal." Neutrals produced from ions by self-sputtering or low sticking effects are less energetic that the original ions. Charge-exchange collisions produce ions of reduced charge states that have lower energy than ions of the same charge state coming directly from the cathode spot. This mechanism leads to a chargestate dependent shift towards lower energy as the interaction with neutrals proceeds. The highest charge state, Al 3+ in our experiment, is strongly affected in the sense that those ion suffering collisions are removed from the population. What we detect are the remaining ions, and therefore we see only little change in terms of energy for Al 3+ but a reduction of kinetic energy for the lower charge states.
In summary, we can conclude that the divergence of data on ion energies obtained by time-of-flight versus electrostatic techniques is coincidental with the choice of pulse versus continuous arcs. It is not the method of measurements but the presence of neutrals in the plasma flow path that creates the conditions for diverging results. In the presence of neutrals, which in large parts are created by the plasma itself, charge exchange collisions supply lower charged ions with reduced energy. The velocity of ion in the "original" plasma near cathode spots does not depend on the charge state, which points to a gas-dynamic mechanism of ion acceleration which is based on pressure gradients and electron-ion coupling. The charge state dependence observed with continuous arcs is not the result of charge state dependent acceleration, as widely assumed, but due to charge state dependent deceleration caused by charge exchange collisions. 
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